


























































































































































































































































































































































































































values	that	I	had	corrected	using	the	equation	 𝑓3 − 𝑓3. ∗ 𝑎 + 𝑓32.345674 	and	then	
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ideal.	As	such,	I	decided	it	would	be	beneficial	to	get	a	95%	confidence	interval	for	the	
differences,	to	see	if	these	confidence	intervals	of	differences	would	give	us	something	in	an	
appropriate	range	around	the	baseline	when	added	to	the	preliminarily	corrected	f3.	
	 To	do	so,	I	wanted	to	use	a	t-test,	but	the	data	was	not	approximately	normally	
distributed.	Therefore,	I	used	a	Wilcoxon	signed-rank	test,	which	is	a	non-parametrical	
statistical	hypothesis	test	that	allows	us	to	perform	a	version	of	the	t-test	without	normally	
distributed	data.	It	is	often	referred	to	as	the	Wilcoxon	T	Test.	Upon	doing	so	in	R,	I	noticed	
that	the	95%	confidence	intervals	for	the	differences	for	each	admixture	level	across	the	six	
population	would	give	us	a	range	of	differences.	Below	is	a	table	of	these	confidence	
intervals.	
Admixture	Proportion	
0.05	
Wilcox	Confidence	Intervals	
(0.00750608,	0.02297737)	
0.1	 (0.01441939,	0.03037686)	
0.15	 (0.02137041,	0.03316990)	
0.2	 (0.02569456,	0.04308678)	
0.25	 (0.03300473,	0.04942423)	
0.3	 (0.03840717,	0.05224841)	
0.35	 (0.04300735,	0.05772577)	
0.4	 (0.04815174,	0.06442764)	
0.45	 (0.05378068,	0.06854280)	
0.5	 (0.06017016,	0.07539880)	
0.55	 (0.06489406,	0.08105843)	
0.6	 (0.07016284,	0.08537045)	
0.65	 (0.07382676,	0.09035722)	
0.7	 (0.07968564,	0.09463120)	
0.75	 (0.08441375,	0.10056375)	
0.8	 (0.08823818,	0.10527647)	
0.85	 (0.09257367,	0.11016625)	
0.9	 (0.09765934,	0.11534444)	
0.95	 (0.1012127,	0.1194585)	
	
When	the	uncorrected	f3	values	were	added	to	the	lower	and	upper	bounds	of	the	
confidence	intervals,	I	got	intervals	for	newly	corrected	f3	values.	Once	I	did	this,	I	noticed	
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that	this	interval	of	f3	values	included	the	baseline	f3	values.	At	first,	I	hoped	to	get	the	
baseline	f3	values	to	align	with	the	newly	corrected	f3	values	when	using	one	standard	
deviation	above	and	below	the	baseline	in	conjunction	with	the	confidence	interval	of	newly	
corrected	f3	values.	However,	the	correction	using	these	differences	worked	well	enough	
that	we	did	not	need	to	consider	one	standard	deviation	above	and	below	the	baseline	f3.	
Simply	using	the	confidence	intervals	for	the	differences	to	get	confidence	intervals	for	
corrected	f3	values	was	sufficient	as	a	correction.		
	 I	then	applied	this	correction	to	the	natural	populations,	Jaltocan	Hidalgo,	Pima,	and	
Xaltocan.	I	did	so	by	rounding	the	admixture	proportion	for	these	populations	to	the	nearest	
five	hundredths,	such	that	I	would	be	able	to	use	the	differences	(since	we	only	had	these	
for	admixtures	that	were	multiples	of	0.05).	Upon	doing	so,	I	used	the	confidence	intervals	
for	the	differences	and	added	the	lower	and	upper	bounds	to	the	initial,	uncorrected	f3	
value.	Once	I	did	this,	I	noticed	that	the	baseline	f3	statistic	fell	in	this	range	of	new	f3	values	
in	the	Pima	population	and	in	the	Xaltocan	population.	However,	this	correction	did	not	
work	for	Jaltocan	Hidalgo.	The	range	of	new	f3	values	ended	up	being	(0.247343959,	
0.262815249),	whereas	the	baseline	f3	value	was	0.227966338.		
	 Regardless,	I	then	applied	this	correction	to	the	populations	that	had	admixture,	
Aleut	Raff,	Algonquin,	Cree,	Chipewyan,	Inupiat,	Ojibwa,	and	Southern	US	Native	American.	
I	used	the	confidence	intervals	for	the	differences	again	and	rounded	the	admixture	
proportion	for	each	population	to	the	nearest	five	hundredths.	Upon	doing	so,	I	calculated	
an	interval	of	f3	values	that	the	baseline	f3	is	presumed	to	fall	in.		
To	see	if	I	was	able	to	get	a	better	correction,	I	plotted	the	average	differences.	I	was	
able	to	use	a	polynomial	regression	line	since	the	R2	values	were	all	above	0.99993.	I	then	
got	the	equation	for	this	curve,	which	I	then	used	to	get	a	value	(using	the	admixture	
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proportion	as	the	x	value)	to	add	to	the	preliminarily	corrected	f3.	This	results	in	f3	values	
that	are	similar	to	the	f3	values	I	got	from	merely	adding	back	in	the	average	difference	for	
the	admixture	proportion	5%	increments.	However,	they	do	not	fall	within	one	standard	
deviation	of	the	baseline	f3	values,	just	as	adding	5%	admixture	incremented	differences	did	
not	yield	f3	values	that	fell	within	that	range	either.	
As	such,	I	plotted	the	lower	bounds	and	upper	bounds	of	the	95%	Wilcox	confidence	
intervals	separately	and	found	regression	lines	for	each.	I	found	that	second-order	
polynomial	equations	fit	the	data	best	(highest	R2	value)	and	was	able	to	use	these	
equations	to	add	back	in	the	difference	to	the	baseline	f3	value.	This	allowed	a	continuous	
correction	of	the	f3	statistic,	rather	than	just	at	discrete	admixture	intervals	of	5%.		
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Conclusion	
	 Through	the	course	of	this	research	project,	I	have	developed	a	crude	admixture	
correction	for	the	outgroup-f3	statistic.	By	first	finding	the	f3	value	of	the	contaminated	
population,	a	“correction	factor”	can	be	added	back	in	to	bring	that	value	within	a	ballpark	
around	the	baseline	f3	statistic.	This	correction	factor	comes	in	the	form	of	a	lower	bound	
quadratic	equation	and	an	upper	bound	quadratic	equation.	When	both	of	these	are	added	
to	the	f3	statistic,	the	result	is	a	range	of	f3	values.	Comparing	these	results	to	the	baseline	
f3	statistics,	I	conclude	that	this	correction	works	within	a	margin	of	error.	Since	the	
correction	only	worked	in	two	out	of	the	three	populations	with	admixed	and	unadmixed	
individuals,	we	cannot	conclude	irrefutably	that	this	correction	works.		
	 Nonetheless,	the	correction	worked	for	all	admixture	levels	in	all	six	of	the	artificially	
admixed	populations	(6	×	19	 = 	114	cases).	Therefore,	I	applied	the	correction	to	the	
seven	populations	that	were	completely	admixed	with	European	DNA.	This	resulted	in	a	
range	of	f3	values	that	resembled	appropriate	f3	values.	However,	there	is	no	way	to	check	
for	which	of	these	seven	populations	the	correction	actually	worked.		
	 In	the	future,	researchers	might	be	able	to	fine-tune	our	correction	using	data	from	
more	populations.	For	instance,	our	confidence	intervals	for	the	Wilcoxon	signed-rank	test	
would	likely	span	a	shorter	range	if	there	was	more	data	to	pull	from.	Furthermore,	it	is	
possible	that	researchers	might	be	able	to	further	manipulate	the	postulated	equations	
mentioned	previously.	Given	that	Lindo	and	colleagues	were	able	to	find	a	neat	correction	
equation	for	the	D	statistic,	it	is	possible	that	there	exists	one	for	the	f3	statistic	as	well.	It	
was	also	observed	during	this	project	that	certain	corrections	that	were	suggested	worked	
better	at	lower	admixture	proportions.	Just	as	the	normal	f3	statistic	is	most	accurate	under	
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certain	conditions,	one	of	which	is	that	the	admixture	proportion	be	close	to	50%,	it	is	
possible	that	the	outgroup-f3	statistic	works	best	at	lower	admixture	proportions.		
	 Regardless,	this	correction	is	useful	for	researchers	hoping	to	study	the	genetic	
relatedness	of	different	populations.	In	particular,	this	potential	solution	is	most	useful	for	
those	hoping	to	perform	outgroup-f3	statistics	in	populations	that	have	individuals	with	
genetic	admixture.		
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Glossary	
• Admixture:	genetic	interaction	of	two	or	more	previously	isolated	populations	
interbreeding	
• D	statistic:	a	four-population	test	for	admixture	
• F	statistic:	measures	shared	genetic	drift	between	sets	of	populations	
o Normal	f3	statistic:	tests	for	admixture	between	three	populations		
o Outgroup-f3	statistic:	proportional	to	amount	of	shared	genetic	history	
between	two	populations	
• For-loop:	a	control	flow	statement	that	specifies	iteration	to	execute	a	code	
repeatedly	
• Genetic	drift:	the	change	in	allele	frequencies	in	a	population	over	generations	as	a	
mechanism	of	evolution		
• Genetic	relatedness:	probability	that	two	individuals	share	an	allele	from	common	
ancestry	
• Linkage	disequilibrium:	non-random	association	of	alleles	at	various	loci	
• Outgroup:	reference	group	of	organisms	not	in	the	populations	being	studied		
• Phylogenetic	trees:	branching	diagram	representing	evolutionary	relationships	
amongst	organisms	
• SNPs:	single	nucleotide	polymorphisms;	change	in	a	single	nucleotide	at	a	specific	
genome	position	
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